Submitochondrial particles freshly prepared by sonication from pea cotyledon mitochondria showed low ATPase activity. Activity increased 20-fold on exposure to trypsin. The pea cotyledon submitochondrial particle ATPase was also activated by "aging" in vitro. At pH 7.0 addition of 1 millimolar ATP prevented the activation. ATPase of freshly prepared pea cotyledon submitochondrial particles had a substrate specificity similar to that of the soluble ATPase from pea cotyledon mitochondria, with GTPase > ATPase. "Aged" or trypsin-treated particles showed equal activity with the two substrates. NaCI and NaHCO3, which stimulate the ATPase but not the GTPase activity of the soluble pea enzyme, were stfmulatory to both the ATPase and GTPase activities of freshly prepared submitochondrial particles. However, they were stimulatory only to the ATPase activity of trypsin-treated or "aged" submitochondrial particles. In contrast, the ATPase activity of rat liver submitochondrial parficles was stimulated by HC03-, but inhibited by Cl1, indicating that Cl stimulation is a distinguishing property of the pea mitochondrial ATPase complex.
A number of different types of preparations have been used in research on the ATPase activity of coupling factor F1 from mitochondria. Intact mitochondria (13) , SMP4 (3, 19) , and soluble enzyme (10, 11, 20, 24) from mammalian sources have been studied.
In plants, ATPase activity of whole mitochondria has been investigated (8, 18, 22, 30) , but in the intact organelle the reaction may often be under the control of extrinsic factors, such as adenine translocating activity (33) , electron transport (30) , and phosphate priming (8) .
Sonicated plant mitochondria have also been used (9, 29) . These preparations, however, contain unbroken mitochondria, and both the soluble and membrane-bound forms of the ATPase (as we judge by the oligomycin insensitivity of some of these preparations) (9, 29) . We have shown previously (6) that results with whole mitochondrial sonicates can be misleading.
Soluble mitochondrial ATPase has been purified from mitochondria of castor bean endosperm (34) , cauliflower florets (21) , and pea cotyledons (4, 14, 15) . The soluble enzyme from pea cotyledon mitochondria shows some interesting properties: high activity with ITP and GTP as substrates and high CaATPase (4) . We have also found that the pea enzyme is stimulated by Cl- ' This work was supported by the National Research Council of Canada through a grant-in-aid (A-145 1) , and a Postgraduate Scholarship for C. G. 2 anion, in addition to HCO3- (5) .
To 7 .0 at 25 C with Tris). The mitochondria were sonicated in a 100-ml beaker at 0 C for two 1-min bursts at 90% of full power on the Artek sonic dismembrator, using the full size tip. The sonicate was centrifuged at 20,000g for 10 min to remove unbroken mitochondria, and the supernatant layer centrifuged at 100,000g for 60 min at 4 C. The pellet (SMP) was suspended in 0.25 M sucrose, diluted to a protein concentration of 6 mg/ml, divided into 0.5-ml portions in glass tubes, and frozen at -40 C. The SMP contained about 25% of the total protein and 75% of the ATPase activity of the sonicated mitochondria.
To assay ATPase, a tube of SMP was thawed, diluted with 2.0 ml SMP buffer, and assayed immediately. Freezing and storage had no effect on ATPase activity, and frozen SMP are referred to here as "freshly prepared."
The assay of ATPase activity was done as described previously (4, 15 Trypsin-treated SMP were prepared by diluting 9 mg of SMP in 10 ml of SMP buffer, adding 0.5 mg pancreatic trypsin, and reacting 15 min at 30 C. Lima bean trypsin inhibitor (2.5 mg) was added, and reacted 5 min. The trypsin-treated SMP were stable at -40 C.
Aged particles were prepared by diluting SMP with 2.0 ml SMP buffer and allowing them to stand in test tubes in a water bath.
For an optimal aging procedure we allowed the preparation to stand 3-5 h at 30 C.
Rat liver mitochondria were isolated using the same methods as for peas, except that the crude homogenate of liver, prepared in a Potter-Elvehjem homogenizer, was resuspended and extracted three times. Submitochondrial particles were prepared as for peas. Protein was assayed by the method of Sedmak and Grossberg (27) .
Pancreatic trypsin was a Calbiochem product. All other biochemicals were from Sigma Chemical Company. Inorganic compounds were Fisher certified grade.
RESULTS
ATPase Activity of Freshly Prepared SMP. Using pea cotyledon SMP prepared by the method described above, we found that between batches ATPase activity varied from 0.07 to 0.29 units/ mg protein (Table I, (Table I , experiment 1). With Mg2+ the optimal concentration was 3 mM; at this concentration Ca2+ was only 28% as effective.
Oligomycin, a specific inhibitor of membrane-bound mitochondrial ATPases, inhibited the ATPase activity of SMP by more than 90% in most batches (experiment 2). To ensure that only oligomycin-sensitive ATPase was being measured, the normal assay included a blank with all assay components plus I ,ug oligomycin.
Sodium azide, a potent inhibitor of the soluble pea mitochondrial ATPase (4) was also effective against the ATPase activity of SMP (Table I, experiment 3) .
Addition of 16 ,AM CCCP had no effect on the ATPase activity of SMP, with or without added succinate (Table I, 
experiment 4).
This concentration of CCCP completely uncoupled respiration from phosphorylation in both mitochondria and SMP from peas (not shown). It appears unlikely that a proton gradient sufficient to inhibit the ATPase is formed under our assay conditions. Addition of an ATP-regenerating system (24) had no stimulatory effect on ATPase activity, indicating that the reaction was not being inhibited by buildup of ADP (not shown). Table I (experiment 5) shows that ADP was an inhibitor of the ATPase reaction of SMP.
Atractyloside (20 tLM), a specific inhibitor of adenine nucleotide transport, was only slightly inhibitory (Table I , experiment 6), indicating that the SMP were nearly completely in the "insideout" conformation. [1, 25] ), it seemed likely that the pea SMP contained the naturally occurring ATPase inhibitor polypeptide (23) . Since the inhibitor from other sources is known to be easily destroyed by trypsin (9, 23, 25) , we tried treating fresh SMP with trypsin. This induced a 20-fold increase in ATPase activity (Table II) . The ATPase activity of trypsin-treated SMP remained sensitive to oligomycin, and all activity was found in the pellet after a 1-h centrifugation at l00,OOOg, indicating that the enzyme remained in its native, membrane-bound state.
Activation of ATPase by Aging. Storing pea SMP at 0 C or higher ("aging") caused a dramatic increase in ATPase activity (Table II) . The rate of aging varied with pH (Table II) . On the basis of these experiments, pH 7.0 was chosen for all further experiments on aging.
The aging response was affected by the temperature of the incubation medium (Fig. 1, A-C) . At 0 C aging was barely detectable (Fig. IA) , while at 50 C maximal activity was reached in 10 min (Fig. IC) . At room temperature (20 C) maximal activity was found after 20-24 h. We were unable to achieve significant activation at 60 C, with or without addition of I mm ATP, in contrast to other workers (9, 32) . At all temperatures tested, ATPase activity reached a maximal level, then decreased. This rate of activity loss was greatest at high temperatures (not shown).
The sulfihydryl reducing agent DTT (50 mM) increased the rate of aging at 30 C (Fig. IB) , but did not protect the activated SMP against loss of activity.
We found that at 20 C aging was prevented by inclusion of 1 mM ATP (Fig. ID) . When I mM MgCI2 was added in addition to ATP, the rate of aging activation was reduced compared to controls, but was not prevented, perhaps because of hydrolysis of the added ATP. Addition of I mM EDTA with I mm ATP completely reversed the ATP effect (not shown), suggesting that an endogenous cation may be required for the ATP effect. EDTA alone increased the rate of aging. At higher temperatures ATP delayed the onset of aging, but once initiated did not inhibit its rate (Fig. 1B) .
The ATPase activity of aged SMP was still completely sensitive to oligomycin, and all activity was found in the pellet after 1 h of centrifugation at 100,000g at 4 C.
We found that trypsin-treated particles were not further activated by aging (not shown), suggesting aging, like trypsin activation, may result from release or destruction of an inhibitor polypeptide.
Other Activation Treatments. We tried two other methods of releasing the inhibitor, but neither was successful. We found that sonication at pH 9.2, used with beef heart (5) and castor bean ( (4, 5) . With fresh SMP, GTP was hydrolyzed at about twice the rate of ATP (Table  III) . This specificity was not preserved after trypsin treatment, however, when ATP and GTP were hydrolyzed at about equal rates.
Bicarbonate anion was stimulatory to the ATPase activity of fresh, aged, and trypsin-treated SMP, indicating that HCO3 stimulations noted with the soluble enzyme (5) were not an artifact of solubilization. With fresh SMP, NaCl stimulated ATPase by about 1.7-fold, slightly greater than the stimulation caused by HCO3 . With aged or trypsin-treated particles, the stimulation was about 1.3-fold, less than that caused by HCO3 .
Other investigators have found with mammalian F1-ATPases that Cl-anion has no effect on ATPase kinetics, while HCO3 is stimulatory (3, 11, 19) . Bruni et al. (1, 2) , who found a Clactivation of beef heart SMP ATPase, attributed it to loss of the inhibitor polypeptide. However, when we performed a time course of trypsin activation of pea SMP, anion effects were noted even after ATPase activity had peaked (Fig. 2) .
Effects of anions became more clear when they were examined with an alternative substrate. With trypsin-treated SMP, GTPase activity was not stimulated by 20 mm HCO3 (Table III) , and was slightly inhibited by 100 mm CF-(as was the soluble enzyme). (9) , mammals (7, 23) , yeast (26) , and from chloroplasts (17) . Using castor bean SMP, Takeuchi (30) has shown a 10-fold increase in ATPase on trypsin treatment, and Jung and Laties (9) have found that thPAe Ple activity of sonicated potato mitochondria is also trypsin-activated, although it was unclear what proportion of the activity was membrane-bound.
The discovery of a more gentle method than trypsin treatment for activating pea SMP (aging) allowed us to investigate some of the conditions that might control association of the presumed inhibitor with the ATPase. These conditions are similar to those noted with mammalian SMP and F1-ATPases (7, 31): high pH (Table II) , elevated temperature ( Fig. 1) , absence of ATP and divalent cations (Fig. 1 ) all favor loss of the inhibition. It seems that pea SMP which have been activated are somewhat unstable under the conditions that presumably cause inhibitor release. An eventual loss of activity resulted from aging for prolonged periods, the presence of DTT, and elevated pH. The instability of the activated ATPase may explain why more severe treatments such as 60 C heat, Sephadex chromatography in 0.25 M KC1, or sonication at pH 9.2 failed to give activated preparations. Our work on the presumed inhibitor polypeptide has also been hampered by our inability to reverse aging (that is, to reassociate the inhibitor with activated SMP) and thus develop an inhibitor assay.
The substrate specificity of the pea SMP was intriguing, since it was altered from that of the soluble enzyme, which shows approximately 5-fold higher activity with GTP than with ATP (4, 5) . With activated (trypsin-treated or aged) particles, activity was nearly equal with the two substrates. A similar low relative GTPase activity with membrane-bound ATPase was found by
Pederson (19) with rat liver SMP compared to rat liver FI-ATPase.
It is, however, difficult to account for the difference in substrate specificity between freshly prepared and activated pea SMP preparations (Table III) .
One of the purposes of our research with pea SMP was to determine whether the C1-and HCO3 stimulations noted with the soluble enzyme were artifacts of isolation. The data in Table  III and Figure 2 show that with fresh, trypsin-treated, or aged SMP the anion effects remain, and are therefore a property of the native enzyme.
The effect of anions on the ATPase activity of SMP is much reduced over that noted with the soluble enzyme (4, 5) . This has also been observed with rat liver SMP and F1-ATPase (3, 19) . However, it appears quite definite that anion stimulations are an intrinsic property of the pea enzyme and that, in contrast to the mammalian systems, CF-in addition to HCO3, is stimulatory.
This fact may be important in determining what shape (3) or chemical (12) properties determine if an anion is stimulatory.
